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Summary

This report presents the results of a modification to a research program
to acquire data on the spectral and spatial characteristics of natural vegetative
terrains and to develop methodologles for the analysis of these data as an ald
in the design of camouflage patterns for fleld clothing and large cloth shelters,
The program has been concerned with camouflaga for the visible spectrum and for
human observers,

Technical aspects In the development of modifications of the existing soft~
ware for data analysis are summarized and recommendations for further software
development are presanted,

The following tasks were addressed:

|, Optimization of the clustering in the CIE 1976 (L*a*b*) color space to
remove any blas Introduced by the highly effliclent /histogram preprocessing scheme.

2., Evaluation of data separabillity parameters and a determination of the
minimum number of color domains necessary to represent & scene,

3. Madificatlon of the terrain analysls coftware so that the user can
specify any rectangular segment of the original scene as the area of Interest.

4, Modiflcations of the symbol plotting software to enable individual
domain plotting,

A1l software has been implemented on the UNIVAC 1106 computer located at the
Natick Ressarch and Development Laboratories.
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PREFACE

The reported work was performed for US Army Natick ReD Laboratorles under
Contract No. DAAK60=79-C-0072 (Modification No. P00005) with Mr. Alvin 0.
Ramsley, Project Officer. The Decilog effort was ably led by J. Richard
Goldgraben, This work Is part of Project IL62723AH98, Clothing, Equipment,
and Shalter Tachnology; Task AB, Passive Countersurvelllance Measuras for the
individual Soldler,
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MOD 1 ICATIONS TO
DATA ACQU!ISITION AND ANALYSIS FOR CAMQUFLAGE DESIGN

. OVERVIJEW
a. Background
1,2,3

C This report presents the results of a modification to a research program

to acquire data on the spectral and spatial characteristics of natural vegetative
terraing and to develop methodologles for the analysis of these data as an aid

in the design of camouflage patterns for fleld clothing and large cloth shelters,
The program has been concerned with camouflage for the visible spectrum and for

human observers,

Data from vegetative terrain bachgrounds are acquired by photographic and

diglitization procedures, Computer programs generate spectral reflectance curves

for each resclution element In the scane and analyze the colorimetric character-

q

& jstics of the terraln In terms of CIE 1976 (L*a*b%) color space. Among

gf the outputs of the computer programs |s a map showing the shape and distribu-
: tion of regions in the scene possessing similar colorimetric characteristics,

; The spectral and spatial properties of thase reglons are to bhe used as the basis
for the design of three, four, or five color domain camouflage patterns,

Terrain data were acquired for vegetative terrains typlcal of the temperate
regions of Europe and North America In Loth the dormant and verdant state, Data

‘J. R, Goldgraben and B, Engelbarg, Final Raport on Data Acquisition and
Analysis for Camouflage Desiqgn, Decllog, Inc., Melvilie, NY April 1981 (Dec!log
Report No. 236, Contract '_DAA'SKLG'O- 79-C-0072).

2J. R, Goldgraben and B. Engelberg, Procedures for the Acqulisition and

Analysis of Terrain Data for Camouflage Beslgn, Volume 1, Software Manual,
5ec“og. Twc., MNelville, NY, March !93! !5eciiog Report 535. Contract

DAAK60=79-C-0072). N

é

3J. R. Goldgraben and B, Engelberg, Procedures for the Acquisition and :
Analysis of Terrain Data for Camouflage Deslan, Volume 2, Manual for Photographic

Data Acqulsltlon and FITm Dlgltlzation, Dacllog, Inc., Reivlile, NV, March 1981,
: ecllog Report No. 235, Contract DAAK60-79~C~0072).

A G e

picce

T e Yo,

T e L

R I vt i

e e

st

P

N
b
\
‘.
B
t
P!
b
)
s
3

AR g Aed i A




for both front lighted direct solar illumination and solar illumination with
moderately overcast sky conditions were obtalned.

This report summarizes the technical! aspects In the development of modifi-
cations of the existing software for data analysis and presents recommendations

for further possible software development, Full documentation of the Data
Processing and Analysis Software and of the Photographic Data Acquisition and
Digitization Procedures are contained in references found on page 67,

The data processing and analysis software and the qulflcatlons under this
phase of the contract have been implemented on the UNIVAC 1106 computer located

at the Natick Research and Development Laboratories.
b. Task Requiremants for This Phase
The following tasks were addressed undar thls Contract Modification:

(1) optimization of Clustering

In the previously delivered data analysis program, a histogram algor!thm
(HIST) was used as a first step In tha clustering of the CIELAB values of the
scene pixels. This algorithm Is highly efficlent and greatly reducas the
number of computations that must be performed by the Euclidean clustering
algorithm (GEOM). Thls histogram process Is not, however, an optimal process
and the CIELAB coordinates of the final color domains can be Influenced by the
color coordinate Increments used in the histogramming and by the number of
intermediate clusters which exlst when the clustering process switches from
HIST to GEOM. The Increment levels and number of intermediate domains are
user-specified,

it was recommended, therefore, that an optimization routine be added to
the existing color domain clustering process. The CIELAB values assigned to
the three, four, or five color domains by the existing histogram and Euc!idean
algorithms are inputted Into the optimization routine which re-adjusts the




CIELAB centrold values using a nearest means lterative optimization algorithm,
The algorithm elminates most of the blas that may have been Introduced In the
histogram clustering and thereby makes the spectral and spatial characteristics
of the final color domains independent of the user's cholce of clustering

parameters.

(2) Data Separability

Each of the scenes should be analyzed and the following tasks performed:

Develop a metric which can be used to evaluate the '‘goodness'' of the

calculated domain centroids,
« Examine procedures for determining the ticorrect!'! number of domains

for each scene.

(3) Scene Scgmentation

The Terrain Analysis Software should be modifled so that the user has the
ability to specify any rectangular segment of the orlginal scene as the area

of Interest. In thls manner some unwanted areas could be removed (1.e, sky,
grass) and the user could compare the tntra~scene variablility by processing

selected segments of the scene.

(4) Domain Plotting

The symbo) plotting routline should have the capahility of plotting each
The usefulness of

domaln Individually as well as producing a combined plot.
contour plotting should be examined.




2. OPTIMIZATION OF CLUSTERING

a. General Discussion

" OPTIM |s the clustering optimization routine., It is designed to ramove
some of the clustering imperfections elther introduced by HIST or resulting
from an Improper selection of clustering parameters by the user. The actual
. algorithm for the optimization is contained in a subroutine of OPTIM called

f REDOM (See Flgures 1 and 2).

The first time OPTIM calls REDOM, REDOM determines the domain centrold
closes* to each pixel, If the squared distance of a pixel to the closest
domain Is less than or equal to a user spaciflied number of domain varlances,
o REDOM assigns the pixel to that domain, |f the pixel to domain centroid
; distance exceeds this value, the pixel is eliminatad from the clustering on
M‘f this and all subsequent fterations, REDOM then calculates new centroids and
variances for the domains based on the assigned pixels, calls OUTPUT, and

returns to OPTIM,

OPTIM now enters a loop governed by a user-parameter which specifies the [
maximum number ~f [terations through the loop, REDOM is called in each iteration ‘
and reassigns plxels to the closest domain centrolds {(which have been recom=-
puted in the prior iteration) and keeps track of the number of changes in
pixel domain assignments. REDOM then recalculates domain centroids and
varlances based on the new domalin assignments, calls OUTPUT, and returns to
OPTIM. {f the number of domain assignment changes In an iteration, is 0, or
1f the maximum loop number is reached, OPTIM exits 1ts loop.

T TR TERT
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ENTER OPTIM

Read max. # times (NLOOP)
to call REDOM

Read LAB dist. in variances (XVAR) beyond
which a pixel s not allowed in a
domain for first pass thru REDOM
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Pixel Domain 8

Ass ignment
HANGES = 07

FIGURE 1| SUBROUTINE OPTIM

RETURN
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b. Validation of Subroutine OPTIM

The method that was chosen to validate this routipe was to intentlionally
select clustering parameters that produced Incorrect results and to see how
well OPTIM corrects for the improper selections. Scene 10 (4 Color Woodland
Camouflage Cloth) was used as data since correct L*a*b* values are known for
cach of the four domains,

The improper clustering parameters were chosen by examining Table 4 of
the Final Report on Data Acquisition and Analysis for Camouflage Design ',

Case 7 was chosen and the results that were achieved, prior to running OPTIM,
are repeated bslow.

TABLE 1 ''IMPROPER' CLUSTERING PARAMETERS (No Optimization)

DOMAIN # 4 OF PIXELS Lt _at b#
) 23 25,08 3.93 9,88
2 10 31,99 ~=10.06 12,00
3 10 26,11 2.97 10,90
4 23 24,98 2,95 9.57

The above run accounted for only 6% of the total number of pixels In the
digitized scene (66 out of 1131) and only two distinct domains were produced.

OPTIM was then run (specifying u maximum of 15 loops) and the variance
cut~off was sufficiently large 30 as not to discard any pixels on the basis of

being too far from an obviously bad domain centroid, OPTIM needed only 10 loops
to reach the situation where there were no changes In pixel domain assignments,

The results of clustering after OPTIN are outlined below,

See Reference 1,
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TABLE 2 ''IMPROPER'' CLUSTERING PARAMETERS (After Optimization)

; DOMAIN # 4 OF PIXELS  __L* ar b
: 1 398 25.64 130 9.69
f‘ 2 258 40,93 ~3.26 16,16
Ej 3 N2 30,97 -7.87 11,58
o h 163 19.67 -.h6 .89

These values can be compared to the run with '‘good'' clustering parameters _
with no optimization (Table 3). 1

TABLE 3 “PROPER' CLUSTERING PARAMETERS (No Optimlzation)

DOMAIN # # OF PIXELS L* _a¥ b*
i 156 24,79 3.10 9.20
2 160 TRY; 3,93 15,66
3 218 31.51 -8.05 12.10 C
4 82 18.10 0.33 =0.01 h

An examinstion of these thres tables shows that even when starting from
obviously incorrect domain centrolds, OPTIM will lteratively adjust those
centrolds untl) they properly represent the scena. The minor difference be-
twaen the two final results (Tables 2 and 3 ) can be attributed to the fact
that the run with Improper clustering parameters was forced (by'thu setting
of a very high variance cut-off) to consider every pixel In the scens,

An interesting feeling for the workings ofIOPTIM can be obtalned by
examining Flgure 3, This is a graph of a*b* space and shows the initial ‘
four improper domains and thair ascnciated L* valuas. The centrolds of these @
domains sre then shown to migrate to thelr final values during each Iteration i
~f OPTIM, The final L* values for the rasulting centroids are also shown.
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3. DATA SEPARABILITY

This section describes some statistical tests which were performed on
the CI£ Lva*b* data. The purposes.of thess tests wers to determine:

= For a glven scene, what Is the ''correct' number of domains?
- After clustering, how ''good" are the obtained domains?

As wil) be discussad below, the first question can be answered only
as to what is the minimum number of domains which adequately represent the
scene. The answer to the second questlion s approached by testing whethsr
the domains are statistically different from ons another.

For all scenes analyzed, the minimum number of domains required was
found to be three, four, or five. For the Woodland Camouflage Cloth, four
domalins were required. In all cases, at the minlmum number of domains, they
represented statistically '""good" clustering.

a. Number of Domalns_ Required

The Statement of Work requires that it be possible to reduce all real
world scenes to five, four, or thres domains. For any given scens, It seems
appropriate to ask the quastion "How many domains should there be? '' Phrased
differently, this problem is finding the "optimum' numbar of domains.

Intultively, It would seem that an analysis of the variances (squirod
vector distances In L%a*b% gspace) of domain and plixel L*a*b* values could be

used to solve this problem. Figure 4 Is a two dimensional plot of four
Ideallzed domains.
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0‘ through D“ represants Domalns | through &
cl and C2 represents the Centrolds of Domains | and 2

P' and Pz are two Pixels within Domain )
FIGURE & FOUR IDEALIZED DOMAINS

Note that all of the pixels used to cluster to the four imaginary domains
are contained within the outline of the domain, Now, the separation of the
domains should be related to the distan.e between the centroids (C. to Cz.

Cl to Ca. etc.) and the "compactness'' of the domains should be rslated to
the distance botwean pixels within a domain and the domain centrold (C| to
Pyy ) to Py, etc,)

The very use of the terms, betwaen and within, suggests an Analysis of
Variance where the statlistical test of the ''goodness'' of the clustering is
the ratio of the between cluster variance to the within cluster variance.
This ratlo, referred to as the F ratlo,can be used to test a hypothesis that
the obtalned clustering arose from chance a'one. |f the obtalned ratio |s
sufficlently large, this hypothesis Is rejected and it Is inferrad thut the
clusters are, In fact, distinct.

Before proceeding in this manner, a |iterature survey was conducted in
the image Analysis area to determine what alternative procedures might have
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been developed. One paper” was found which discussed measures of the '‘qoodness'
of clustering. |t discusses two useful criteria which are defined as Bh and

85. B“ Is equivalent to the F ratio discussed above, Bs is the product of the
between and within varlances, Bs ls sald to be useful since, when each plxel

|s a domain, within varlance Is 2ero, and whan all pixels are assigned to one
domain, between varlance Is zero. Hence, In both extremes Bs is zero. The
authors state that It follows that the ''best' clustering occurs at the number

of clusters which maximizes BS.

Dacllog could find no logical basis for this assertion, Consider the
processes which occur In clustering of a fixed number of pixels, |f esach and
every pixe) has a unique L*, a* and b*, clearly the ''best'' characterization of
that scene |Is n domalns, whare n |s the number of pixels. It is lrrelevant, at
this point, that this Is of no valus to camouflage design. As pixels are
assigned to domains, and provided the numbar of pixels per domain is fairly
large, the between domain variance will also increase as the number of domalns
decreases. |f a ''good'' clustering algorithm, such as OPTIM, |s used, the
within domain varlance will also increase as the number of domains Is decreased.
Therefore, ’5 wil) monotonically increase as the number of domains decreasas and
Al11 be & maximum at two domains,

B5 was calculated for each scene analyzed to date, and was found to ba
a maximum at two domains, and to decraase with Increasing numbers of domains.
it is concluded that BS Is not & good criterion, Ffor thls reason B“ (or,
equivalently, the F ratio) Is suggested for use to evaluate the number of
donains required, B“ Is the ratio of the between domalin variance to the
within domaln varlance. This then can be a measure of the extent to which
the domains account for the total scens varlance,

One simply chooses the percantage of the total variance in all of the
pixels being clustered which he wants to be accounted for by tha domalins. In
the analysls done to date, 90% of the total variance has heen the criterlion.

56. B. Coleman and H., C, Andrews, Image Segmantation by Clustering,
Proceedings of the 1EEE, Vol. 67, No, 5, May 1979.
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One then reads from a Table of Critical Values of F, the 90% values for 1=n
degrees of freedom, where n is the number of domains,

Figure 5 is a plot of Bb for the Woodland Camouflage Cloth for one
through seven domains., The dashed line Is the critical value at which the
domains account for 30% of the total varfance., (f one goes to the next higher
Integral number of domains from the crossover, one sees the minimum number of
domains which account for 90% of the total variance., Any higher numbar of
domains will account for a greater proportion of the total variance., It may
be noted in this example, the Woadland Cumoufiage Cloth, that four s the
minimum number of domalns requlired to account for 90% of the varlance.

Figures 6 through 12 show simllar plots for other scenes which have
been analyzed. Note that the minimum number of domains s three (Scens 13)
and the maximum s five (Scenes 3, 14, and 21; Table 4),

Figures 13 through 20 show the L*a*b" values for the domaln centrolds
for each scene analyzed to date, together with & varbal description of the
scene, Flgures 13, 14, and 16 are dormant scenes, Note that all centrolds
are in the 'red" quadrant. In Figure 14, It is balleved that the two centrolds
below the horizontal ax!s may have been causad by digitizing the sky background
batwasn the 1imbs of the dormant trees.

Figure 15 depicts the domain centrolds obtained from the analysis of the
Woodland Camouflage Cloth, Despite the fact that there is no traceabllilty
between tha reflectance targets used in the photographs and NLAB's colorimeter,
one can observe the remarkable similarity betwean these values and those mea-
sured by NLAB's,
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TABLE 4: MINIMUM MUMBER OF DOMAINS

!
%

SCENE # TYPE DESCRIPTION MINIMUM # DOMAINS A

3 Near bDeclduous, Brush (Dormant) 5 :

L Far Declduous, Brush (Dormant) Y ;

10 Woodland Camoufiage Cloth b ?

1) Near Frult Orchard (Dormant) b ?

12 Near Deciduous, Brush (Verdant) y g

13 Far Conlferous (Verdant) 3 :

14 Near Deciduous, Brush (Verdant) 5 'i

21 Far Deciduous, Brush (Verdant) 5 i

&

b

i

wﬁ
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The remainder of the scenes are elther coniferous or deciduous-verdant.
A1)l points are in the ''green' quadrant. Each has a "black' domaln. Figure
17, for example, displays a peculiarity of some deciduous-verdant scenes.
Note the correlation among the values of the L#*, a*, and b* values of the
obtalned centrolids. 7The a* and b* components have been referred to by
Ramsley6 as an Iso Hue 1ine. In thls tase, the value of L* Is also correlated
with both the a* and b* values. Whether or not this has any significance has
not been investigated.

Finally, Figure 21 1is a composite plot of the domain centroids for all
scenes analyzed. Also shown ls the space enclosed In a*, b* space by the
centroids of the Woodland Camouflage Cloth. Since It seems intultfvely loglcal
that camouflage cloth should avold extremes, visual Inspection would indicate
that the choice of Lha*b* values for the Woodland Camouflage cloth was good.

An interesting exerclse would be to start with these centrolds, welghtid by
the number of plixels, and cluster to four domains. A comparison could then

be made between the camouflage cloth values and the four domains. It Is pos= .
sible that, although only eight scenes have been analyzed, they are somehow
representative of the world on which the Woodland Camouflage cloth was based,

’

b. '"Goodness'' of Domains

After clustering to the minimum number of domains, it Is deslirable to

test the quality of the clustering. As will be discussed below, the statis-
tical test compares the spacing between domaln centrolds with the '"compactness"
of the domains. The purpose of the test i3 to determine if the L*a*b* values
ol the damain centrolds are statistically significantly different. |f they
are, clustering is Y"good" because the spacing between centrolds is large, and
the domalns are ''compact!'. The statistlical tests wlll iIndlcate the probability
that the difference in L*a’b values of any two centroids occurred by chance,
as opposed to the difference having arisen from real characteristics of the

scene. The results will be discussed below.

6A. 0. Ramsley, Selection of Standard Colors for the Woodland Camouflage
Pattern , US Army Natick Research and Development Laboratories, September 1981,

(Technical Report NATICK-81/030),
38

i Y. - v, -
R JI."»‘_J'(‘.q.’\_"-d‘.!,‘,l",'z,ﬂn‘l"|'\‘\>--"\.\'| s anie VNG

i AiERSle.l locdi b




™1
|
[
bt
1
l||
1
[
[
b
(1
[
| !
[
v
-1—1"1"?-' :
'l
¥
e
1]
fi
)
'
I
1
t v
1
1
umber
@H\\\u

m-n - ..” 2 ...|+ll—.|..|..+..|lw+w.I.r||q.v},.|”|f7.x..|r||.qm.-.u. ...-..:xﬂx. 4w\..\...
i . . e . - - r = oS i — T

: ! E
—_ 4 e —— _-— ]
, SR SEEEEE AL SR SPRS SR SO ]
o Pl - i : ~ 3
M : P - - g |~. ] 2
3 N - % ; - ) Mnu
E . p-.ln..-l-Lru. D i :
: - S S . . E
3 T e Ty T oo g P - 7
4 = . i oo o 3
4 - ~ -t} .- - : s :
n : B : R
] “)u et - \._ - _mL h
3 - U B ST, B b e :
\ “ |.-|||.Tr....‘|.\v - - t i - - h & o
: . - -~ - == L=l TiT i T I
¥ 1 . — - e e il - T ”l L ] nlln'
3 I VR AU 3 S - A - :
3

m.ins in a% vs, b* Plane

139

o paay

aakt.

Mk YukitiD
35 <
I LU 4
|
i !
L} :.I ll "l|l . 1
T T
' Cpep i
[
i
oy b
20

a3

ane
@

1
A
]

- g

=10

a2
'
|
!
ad) e
'.'."L:l o !
.---]»,
FIGURE 21 A1l Scenes = Do

-n‘l)“

: K ‘ ) - - B . .
IR i i T h _
. T : Pl D] !
S H e R
| Y ” SR H |
m \ur. : T RE : ﬁm i :
: i ! N -
- R Mv.. =L ‘ulw‘ _ N T §




Prior to this discussion, however, the practical signiflicance of these
tests should be evaluated. Due, at least In part, to the fact that very large
numbers of pixels are assigned to each domain, the statistical tests become very
sensitive. As a result, very small differences in the location of centrolds
will be found to be "statistically different''. Thus, if a8 scene has bean clus-
tared down to ten domains, for example, the statistical tests could Vlkely

Indicate that there are ten "significantly different'! domains at the confidence

lavel chosen.

The actual distance between some pairs of centrolds In L¥a*b* space may
be small, eaven less than | unit, which Is the theoretical visual dlffarence
thrashold. Theoretlical |s underscored since It must be remembered that [t is
based on the 1931 standard obsarver, using the method of palred comparisons.
The threshold which !s applicable to camouflage cloth when viewed under fleld
conditions 1s not known, but s probably larger than ) unlt,

Therefore, It should be kept In mind that the term ‘significantly different'
or "different!! refars to the precision and separability of domalns from a sta-
tistical viewpoint and not to the visual difference betweean domains as applied

to camouflage cloth In countersurvetlllance.

Student t and Flscher F tests were run to test the statistical signiflcance

of the distance batween centroids inCIELAB space. The F test considers all

domatns simultaneously and compares thelr combined varlance with the spectral

variance In the overall scane. The t test compares distances between individual

pairs of centrolds with the pixel variance within the respective domains.

Both the t and F tests are calculatad and printed out In subroutine OUTPUT

for all clusterings of ten and fewer domalns. Because the t test operates on

palrs of centrolds, multiple t tests had to be performed; and In order to keep
the confidence level within each test high, an-a priori confidence level of
0.99 was chosen. Thiys means that If the obtained value of t exceeds the criti~
cal value or the probabilityis 0,01 or less, the difference Is due to change.
As It turned out, for the scenes analyzed to date, the values of all t's for

ho
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ten and fewer domains are far greater than the critical value for 0.99 confi-
dence. It Is probable that, in the future, even higher confidence levels can

be used.

On the basis of the t tests It Is concluded that, with as many as ten
domains, each and every domain is different from every other domafn. Glven
this separablllity, It |s Inferred that the clustering Is ‘‘good'.

Because the F test compares each domain with the distance to all other
centroids siiultaneously, a lower confldence level, namely 0.90 was chosen

a priori. The results of the F tests confirmed the results of the t tests,

Again, with as many as ten and as few as two domains, each domain was compact
8s compared to the separation between all domains, Based on this conclusion,
It |s agaln Inferrad that the clustering Is '‘good'.

The obtained F and t statistics for each run analyzed are shown In
the Appendix,
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h, SCENE SEGMENTATION

a. General [ ;scussion

Cne of the extensions to the software for the Analysis of Terrain Data
for Camouflage Deslign was the ability to process only part of a total scene.
In the original software package the usar speclfied the number of columns and
rows of the entire scene and the entire area was processad, The user is still
raquired to specify the number of columns and rows of the entire scenea but also
to spacify that part of the scene that !s actually to be processed.

As can be seen from Figure 22 the user s required to specify tha lower
left hand and upper right hand corner of the rectangle of interest. This Is
accomplished by setting the varlables ISEGR] and ISEGR2 to the starting and
ending roN numbers, respectively, The varfables ISEGC| and ISEGC2 are set to
the starting and ending column numbers, respsctively, The Terrain Analysis
Software then works on this scene segment in exactly the sames manner as If It

were the entlre scene.
|SEGC2

1

:4) Row IROWMX
Cotumn I1COLMX

. v

"

I JS_EGEZ")
ISEGRY
—-~qu~--~¢ b
\
{
Row | !
Column I‘-’ 1
]
6
) JSEGCI

FIGURE 22 SPECIFYING A SCENE SEGMENT
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! b. Symbol Plots of Scene Segments

The modifications that were necussary to Incorporate the ability to
\ process scene segments extend to the plotting software. |t seemed reasonable
{ that the entire scene should be out!ined and the scene segment plotted at the '
proper offsets. This allows easy comparisons of multiple runs of the same scene
as we!l as a quick visusl check of the area of Interest. In order to accompllish
3 this it was necessary to pass the coordinates of the segment, In addition to
S the size of the total scene to the plotting routine (SYNPLOT).

An example of this appears on the following pages, Figure 23 Is a plot
of the entirety of Scane 3 after being clustered to 3 domalins. Arrows have
bean hand drawn to Indicate the scene segment that was specifled on a subse-
quant run of the analysls software. The scene segment coordinates that were
Q i speciflied were |SEGRI=30, ISEGR2=60, ISERCIw50, and ISEGC2=80. The resulting

plot can be sesn In Figures 24 and 25,

The scane segmant that appears in these flgures was not generated by clustering.
The option of specifying centroidal L*a¥b* valuas and than assigning pixels
to the closest domain centroid was used, This was done so that the segment )
plot and the segment area of the entire scene would be ldentical, It is }
impartant to realize that {f we had clustered the scene sagmant the resulting
centrolds might have bean very different, }
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FIGURE 24 SCENE 3
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5. DOMAIN PLOTTING

a. Individua) Domain Symbol! Plots

The composite symbol plot that resulted from an anaiysis of Scene 3
(Dormant, Declduous Brush=Near) is shown In Fligures 31 and 32. |In order to
glve the user a better appreciation of the shapes assoclated wlth each of the
domains, the software was modified to allow for the plotting of each domain
separately, The individual domain plots for Scene 3 can be found In Figures
33 through 37 and for Scene 13 in Flgures 38 and 42,

The user has the optlon of plotting the composite alone, the individual
donains alone, or both the composita and Individual domains, The capability
can be combined with scene segmentation and example results for Scene 3 are
shown in Flgures 24 through 28,

b. Contour Plotting

The usefulness of plotting contours as compared to the supplied symbol
plots of domains was examined, It fs felt that contour plotting of the compos-
Ite domaln data would not ba of any help in the graphical representation of
domain shapes., Thess contour plots would be arblitrarily misleading. |t should
be pointed out that contour plotting Is not the same as shape outlining and
thls discrepancy Is what creates most of the problems, A contour plot would
graphically show the slope, or rate of change, between domalns. This would
artitrarily assign a greater welght to a change from Domain | to Domaln § then
from Domain | to Domaln 2,

Even |f the contouring routines were used on the composite data to outline
one domaln at a time, similar to the individual symbol plots, the results would

50
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be misleading. Conslder Figure 29 as a set of pixals with their assoclated

domain numbers.

| R T TR N D B
1Y 33 3
Ty 33 300
Py 33 o3
LI T A S B

-_— N NN -

| 1
) 2 2
| 2 2
| 2 2
| LI

FIGURE 29: EXAMPLE DOMAIN DATA

If we ware to draw contour !ines at levels 1.5 and 2.5, In order to
outline Domain 2, we would generate the plot shown In Figure 5-2.
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FIGURE 30t CONTOURING OF EXAMPLE DOMAIN DATA

The contour )ines that were handdrawn were squarad off for simplicity.
The resulting plot, however, illustrates the problem with contouring. By
definition contouring assumes that there must be a Level 2 between the Level
| and 3 areas. This Is Indicating a faster rise on the right-hand side as
compared to the left.

A method that might be of some use Involves modifying the data file that
ls contoured, |f the deta file |s edited so that only one particular domaln
Is left Intact, and al) other values are changed to a background valus, then
contouring would outline this single domain, ‘In this manner, by submitting
five varsions (sach of which has only a single domalin and a background), of the
original data file to the contouring software, outlines of esach of the five
individual domalns could be produced.
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The Calcomp Contouring Package avallable on tha UNIVAC 1106 has a size

limitation that precludes using it on a complete scene. |t would probably be

more efficient to write shape outlining software than to attempt to expand the

contouring package. Shape outlining software would not have the falss area

problems of contouring discussed above.
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FIGURE 31 SCENE 3 COMPOSITE
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FIGURE 32 SCENE 3 COMPOSITE
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FIGURE 34 SCENE 3 DOMAIN #2
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FIGURE 35 SCENE 3 DOMAIN #3
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FIGURE 37 SCENE 3 DOMAIN #s5
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6., COMMENTS AND RECOMMENJAT{ONS

a, Scene Diqgitization

it Is strongly recommended that additional scenes be processed and
enterad Into the avallable scene data base. This would dramatically increase
the utiilzation of the current analysis software,

b. interactive Data Analysis with Graphic Output

The current data analysls softwars was written for the NLABS UNIVAC 1)06
and oporates In a batch processing mode. Although this was a reasonable and
cost-effective approach for the initial development phase, the needs of the
camouflage designer can best be served In an Interactive environment with graphic

ouiput,

The current analysis software was structured in ocuch a manner that It
could be transfarred to a mini/micro computing system (with a 16 blt word length)
with only minor changes. The POP 11/23 computer which is serving as a controller
for the spectrophotometer would be an tdeal host system for the Interactive
deta analysis software. The difference in the word lsngths batween the
UNIVAL (36 hits) and the POP 11/23 (16 bits) has been analyzed and determined

to be no problem,

An Interactive menu~driven executive would need to be written, This
executive would ba responsible for gulfding a user through a data analysis
session as well as being an Interface between the user and the graphic output

devices.

Alternate output methods should be analyzed to Increase the utllity of
the resulting domain assignhment plots. These alternate methods should include
video display systems (both Black and White and Color) with hard=copy capabillity
as well as additional pen plotter presentations,
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¢. Alternate Data Collection Methods

The current photographic/digitization procadure Is time consuming, and
with respect to some detalls, less than optimum, An investigation of alterna-
tive tachniques should be performed and a procurement specification should be
developed.

As a minimum the approaches that should be examined include the acquisition
of a black and white television camera, solid state array cameras, and solid
state cameras with spectral outputs,

Systems should be analyzed for portability, rellabllity, camera sensftlvlty,
resoluticon, signal to nolse ratlo through the interference filiters, and other
parameters stlll to be determined, The goal should be tv provide a specification
foracommercially avallable off=the-shelf system; however, speclal purpose
dasigns should be examined for completenass,

This document reports research undertaken at
the US Army Natick Research and Develop-
ment Command and has been assigned No.
NATICK/TR- 53 /. O(/[_ in the series of re-
ports approved for publication.
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Outputs of Terrain Analysis Software
X Showlng Statistical Data
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